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1 

APPARATUS FOR DISPENSING 
CONDUCTIVE COATING MATERIALS 
INCLUDING COLOR CHANGING 

CAPABILITY 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

RELATED PATENTS 

This application is related to US. Pat. No. 5.078.168 to 
Konieczynski et a1. issued Jan. 7. 1992. and entitled “Appa— 
ratus for Electrostatically Isolating and Pumping Conductive 
Coating Materials.” which is owned by the assignee of this 
invention. 

FIELD OF THE INVENTION 

This invention relates to electrostatic spray coating. and. 
more particularly. to a method and apparatus for dispensing 
electrically conductive coating materials from one or more 
dispensers wherein the source of supply of the conductive 
coating material is electrostatically isolated from a high 
voltage electrostic power supply and wherein a change to 
di?ierent colored coating materials can be made rapidly and 
effectively. 

BACKGROUND OF THE INVENTION 

The application of coating materials using electrostatic 
spraying techniques has been practiced in industry for many 
years In these applications. the coating material is dis 
charged in atomized form and an electrostatic charge is 
imparted to the atomized particles which are then directed 
toward a substrate maintained at a di?erent potential to 
establish an electrostatic attraction for the charged atomized 
particles In the past. coating materials of the solvent-based 
variety. such as varnishes. lacquers. enamels and the like. 
were the primary materials employed in electrostatic coating 
applications. The problem with such coating materials is that 
they create an atmosphere which is both explosive and toxic 
The explosive nature of the environment presents a safety 
hazard should a spark inadvertently be generated. such as by 
accidentally grounding the nozzle of the spray gun. which 
can ignite the solvent in the atmosphere causing an explo 
sion The toxic nature of the workplace atmosphere created 
by solvent coating materials can be a health hazard should 
an employee inhale solvent vapors 
As a result of the problems with solvent-based coatings. 

the recent trend has been to switch to water-based coatings 
which reduce the problems of explosiveness and toxicity. 
Unfortunately. this switch from electrostatically spraying 
solvent-based coatings to those of the water-based type has 
sharply increased the risk of electrical shock. which risk was 
relatively minor with solvent-based coatings The risk of 
electrical shock is occasioned in the use of water-based 
coatings due to their extreme electrical conductivity. with 
resistivities of such water-based coatings often falling within 
the range of 100 to 100.000 ohm centimeters. This is in 
contrast to resistivities of 200.000 to 100.000.000 ohm 
centimeters for moderately electrically conductive coatings 
such as metallic paint. and resistivities exceeding 100.000. 
000 ohm centimeters for solvent-based lacquers. varnishes. 
enamels and the like. 

The relative resistivity of the coating material is critical to 
the potential electrical shock which may arise during an 
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2 
electrostatic coating operation. With coating materials which 
are ei?rer not electrically conductive or only moderately 
electrically conductive. the column of coating material 
which extends from the charging elecuode at the tip of the 
coating dispenser through the hoses leading back to the 
supply tank has su?icient electrical resistance to prevent any 
signi?cant electrostatic charging of the material in the sup 
ply tank or the tank itself However. when coating material 
is highly electrically conductive. as are water-based 
coatings. the resistance of the coating column in the supply 
hose is very low. As a result. a high voltage charging 
electrode located in the vicinity of the nozzle of die coating 
dispenser electrostatically charges not only the coating 
particles. but the coating material in the hose. the coating 
material in the supply tank and the supply tank itself. Under 
these circumstances. operating personnel inadvertently com 
ing into contact with an exposed supply tank. or a charged 
hose. or any other charged part of the system. risk serious 
electrical shock unless such equipment is grounded to draw 
off the electricity. Ifthe equipment is indeed grounded at any 
point. however. the electrostatics will not function because 
the high voltage charge would be conducted away from the 
coating dispenser electrode to the grounded point as well. 
One of the methods and apparatus for reducing the 

electrical shock problem is disclosed. for example. in US. 
Pat. No. 4.313.475 to Wiggins. In apparatus of this type. a 
“voltage block" system is employed wherein an electrostati 
cally conductive coating material is ?rst transmitted from a 
grounded primary coating supply into a transfer vessel 
which is electrically isolated from one or more electrostatic 
coating dispensers. After being tilled with coating material. 
the transfer vessel is ?rst disconnected from the primary 
coating supply and then connected to an inventory tank. 
which. in turn. is connected to the coating dispensers. The 
coating material is transmitted from the transfer vessel into 
the inventory tank. with the transfer vessel disconnected 
from the primary coating supply. to ?ll the inventory tank 
with coating material for subsequent transfer to the coating 
dispensers. After the inventory tank is ?lled. the transfer 
vessel is disconnected from the inventory tank and con 
nected back to the primary coating supply to receive another 
quantity of coating material so that the coating operation can 
proceed essentially continuously. 

Another “voltage block” system for transferring electri 
cally conductive coating materials is disclosed in U.S. Pat 
No. 5.078.168. which is owned by the assignee of this 
invention. In this system. ?rst and second shuttle devices are 
selectively connected to two large reservoir. piston pumps. 
The ?rst shuttle device is movable between a transfer 
position. and a spaced. neutral position. relative to a ?lling 
station which is connected to a source of electrically con 
ductive coating material. At the ?lling station. the ?rst 
shuttle is operative to transfer coating material from the 
source into the reservoir of the ?rst pump. In the neutral 
position. the ?rst shuttle is electrically isolated. i.e.. physi 
cally spaced. from the ?lling station. The second shuttle 
device is movable between a transfer position wherein it 
interconnects the first piston pump with the second piston 
pump. and a neutral position wherein the two pumps are 
electrically isolated from one another and the second piston 
pump supplies coating material to the dispensers. Movement 
of the shuttles is controlled to maintain one of the shuttles in 
a neutral position while the other is at the transfer position 
so that there is never a completed electrical path between the 
source of electrically conductive coating material and the 
electrostatically charged dispenser. 
One problem with apparatus of the type disclosed in US. 

Pat. Nos. 4.313.475 and 5.078.168 involves the pressure 
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available to discharge the coating material from either the 
transfer vessel of the Wiggins apparatus or the second 
reservoir above the Konieczynski apparatus. For example. in 
the Konieczynsld apparatus. each of the ?rst and second 
reservoir pumps includes a piston which is movable in one 
direction in response to the application of air pressure 
thereagainst to discharge coating material from the reservoir. 
and is movable in the opposite direction as new coating 
material is added to the reservoir. In order to permit ?lling 
of the reservoir of the second pump with coating material 
supplied from the ?rst pump. the air pressure applied to the 
piston in the second pump must be reduced compared to that 
of the ?rst pump. otherwise the piston within the second 
pump would not move and allow the reservoir therein to be 
?lled. Because of this reduced pressure level within the 
second pump. the coating material is discharged therefrom at 
a relatively low pressure level. As a result. a comparatively 
few coating dispensers can be supplied with coating 
material. and the spray pattern emitted from such dispensers 
is not always stable. 

Another problem with voltage block systems of the type 
described above. and particularly the Konieczynski appara 
tus disclosed in U.S. Pat. No. 5.078.168. is arelatively wide 
pressure ?uctuation in the coating material discharge from 
the second pump to the coating dispensers. When the 
reservoir of the second pump is ?lled and coating material 
is discharged by its piston moving in a downward direction 
toward the base of the reservoir. the ?uid pressure output 
from the second pump is less than the air pressure at which 
the piston is forced downwardly because the seal friction 
with which the piston seals against the side walls of the 
pump reservoir opposes downward motion of the piston. 
This produces a comparatively low ?uid discharge pressure. 
signi?cantly lower than the air pressure. with the attendant 
disadvantages noted above. On the other hand. a higher ?uid 
discharge pressure. e.g. higher than the air pressure. is output 
from the second pump when it is ?lled with coating material 
from the ?rst pump. This is because the ?uid pressure of the 
coating material introduced at the base of the second pump. 
on the bottom side of the piston. must overcome both the air 
pressure acting on the opposite or top side of the piston and 
the seal friction of the piston seals against the sidewall of the 
piston reservoir. Since the air pressure in the system remains 
constant. the ?uid pressure ?uctuates depending on whether 
the piston within the second pump is moving upwardly or 
downwardly. Accordingly. a potentially large pressure ?uc 
tuation can occur at the discharge side of the second pump 
depending upon whether or not the second pump is under 
going a ?ll cycle or a discharge cycle when coating material 
is discharged therefrom to the coating dispensers. Such 
pressure ?uctuation limits the number of dispensers which 
can be supplied by the second pump. and/or adversely 
alfects the spray pattern obtained ?'om such dispensers. 
Another problem with apparatus of the type disclosed in 

U.S. Pat. Nos. 4.313.475 and 5.078.168 is that an appre 
ciable pressure drop is produced when water. solvent and/or 
air is used to ?ush the system of paint of one color in 
preparation for the use of another colored paint. This pres 
sure drop occurs because. as noted above. all of the hoses 
and transfer containers or pumps are interconnected in series 
with one another from the point at which the source of 
coating material is introduced into the system to the point at 
which the coating material is discharged to the coating 
dispensers. For example. in the system of U.S. Pat No. 
5.078.168. the coating material. ?ushing liquid and/or air 
must ?rst enter the lines interconnecting the ?rst shuttle to 
the ?rst pump. travel through the line interconnecting the 
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?rst pump to the second pump and then pass through the 
lines interconnecting the second pump to the coating dis— 
penser. By the time the ?ushing ?uid or coating material 
reaches the downstream portions of this ?ow path. a pressure 
drop has occurred which lessens the effectiveness with 
which the air or liquid can remove the coating material 
remaining in the system. 

Wile both of the systems disclosed in the Wiggins Patent 
No. 4313.475 and Konieczysnki Patent No. 5.078.168 are 
adapted for use with color changers connected to sources of 
di?erent color paint. neither system is capable of effecting a 
color change rapidly in a production environment. Both of 
these systems provide an essentially “series” ?ow path 
between the source(s) of coating material and the dispensers. 
That is. the coating material is ?rst transmitted from the 
source to the transfer vessel of the Wiggins apparatus. or to 
the ?rst reservoir pump of the Konieczynski apparatus. and 
then delivered through lines to either the inventory tank or 
second reservoir pump for subsequent supply to the dispens 
ers. In order to etfect a color change in either system. a 
?ushing liquid such as water must be introduced at the 
beginning of this ?ow path. i.e.. where the coating material 
is introduced. and then pass through each line and element 
of the system in sequence. one after the other. to remove the 
old paint. In applications such as the coating of automobiles 
and/or other assembly line-type painting operations. such a 
relatively long “downtime” between color changes is unac 
ceptable. 

SUMMARY OF THE INVENTION 

It is therefore among the objectives of this invention to 
provide a method and apparatus for dispensing electrically 
conductive coating materials. such as water-based paint. 
which protects against the transmission of an electrostatic 
charge between a high voltage electrostatic power supply 
and one or more primary coating supplies. which is capable 
of supplying a large number of coating dispensers. which 
avoids pressure ?uctuations during operation. which pro 
duces a consistent. acceptable spray pattern of coating 
material on a substrate. and. which is capable of permitting 
rapid and e?icient changes between coating materials of 
different color. 

These objectives are accomplished in an apparaurs for 
transferring electrically conductive coating materials. such 
as water-based paint. from at least one source to one or more 
coating dispensers or spray guns for discharge onto a sub 
strate. The electrically conductive coating material is trans 
mitted from two “parallel” ?ow paths. each having a large 
reservoir pump. to a common valve which switches ?ow to 
the coating dispensers from one ?ow path to the other. Each 
parallel ?ow path provides a voltage block. i.e.. an air gap. 
between one or more sources of coating material and the 
electrostatically charged spray guns. This voltage block 
ensures that there is never an identical path between the 
source of conductive coating material and the charged 
coating material during a coating operation Additionally. a 
rapid and e?icient color change capability is provided for the 
entire system which permits different colored coating mate 
rials to be dispensed from the apparatus herein with mini 
mum downtime of the coating operation. 
One aspect of this invention is predicated upon the 

concept of replacing the “series” ?ow path arrangement 
found in the prior art with at least two “parallel” ?ow paths. 
each connected between one or more sources of coating 
material and the coating dispensers. The parallel ?ow path 
system of this invention eliminates the long. di?icult-to 
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clean series ?ow paths employed in prior art systems of the 
type described above. In this invention. each ?ow path 
comprises a voltage block construction which includes a 
transfer device having a ?lling station connected to the 
source(s) of coating material. a discharge station spaced 
from the ?lling station and a shuttle movable between and 
releasably coupled to the ?lling station and discharge sta~ 
tion. Upon movement of the shuttle to the ?lling station of 
the transfer unit. the shuttle is effective to transfer coating 
material from the source into the reservoir of a piston pump 
associated with such ?ow path. When the reservoir of the 
piston pump is ?lled. the shuttle moves and is coupled to the 
discharge station wherein a connection is made allowing the 
coating material to be transferred from the pump through the 
discharge station of the transfer unit and into a “sync” valve 
connected to the dispensers. This sync valve is common to 
both ?ow paths and is effective to switch the ?ow of coating 
material to the dispensers from one ?ow path to the other. 
The operation of the system is synchronized such that 

when the pump of one ?ow path is supplying coating 
material to the dispensers. the pump of the other ?ow path 
is receiving coating material from the source. A voltage 
block is continuously maintained between the source and 
charged dispensers. and the dispensers can be essentially 
continuously supplied with coating material from one or the 
other of the parallel ?ow paths. Because each of the parallel 
?ow paths are essentially separate from one another. the 
coating material is transmitted along a relatively short 
distance to the dispensers thus making cleaning of such ?ow 
path relatively fast and e?icient compared to prior art 
systems. Additionally. because a separate pump is associated 
with each ?ow path. a higher pressure is available to 
transmit coating material to the dispensers than is obtained 
with prior art systems. thus enabling (1) more dispensers to 
be supplied with coating material at the same pressure. or (2) 
a higher ?ow of material to be transmitted to the dispensers. 
or (3) longer transfer lines to be used between the pumps and 
dispensers. Further. the essentially direct supply of coating 
material from a separate pump associated with each ?ow 
path to the coating dispensers substantially eliminates pres 
sure ?uctuations present in other voltage block systems. As 
a result. an improved spray pattern is obtained from the 
dispensers associated with the system of this invention. 

Another advantage of employing parallel ?ow paths. each 
with a separate pump. is that pump wear and/or seal failure 
is substantially reduced compared to other voltage block 
systems for the same ?ow volume. In the Konieczynski et al. 
system. for example. the second reservoir pump would be 
required to stroke twice as often as each individual pump 
associated with the two ?ow paths of this system to deliver 
the same quantity of coating material to the dispensers. 
Additionally. the shuttles associated with both the ?rst and 
second reservoir pumps of the Konieczynski apparatus are 
required to operate twice as often as the shuttle of each 
parallel flow path herein. As a result. a signi?cant reduction 
in wear of the pumps and shuttles of this system is obtained 
compared to prior voltage block apparatus such as disclosed 
in US. Pat No. 5.078.168. 
The apparatus of this invention also includes structure for 

e?iciently cleaning each of the parallel flow paths wherein 
essentially all portions thereof are ?ushed simultaneously. 
?rst with water and then with air. in order to speed the color 
change process. As described in detail below. the lines 
interconnecting the pumps with the common sync valve are 
?ushed at the same time that the lines interconnecting the 
source and transfer units are ?ushed. And these ?ushing 
operations are can‘ied out essentially independently of one 
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6 
another so that the flow of ?ushing ?uid. e.g.. water and/or 
air. travels along a relatively short ?ow path in the course of 
each ?ushing operation. Accordingly. the speed at which the 
apparatus herein can be completely cleaned is greatly 
increased compared to prior art systems wherein each ele 
ment had to be cleaned of coating material in sequence. one 
after the other. as the ?ushing material ?owed therethrough. 

DESCRIPTION OF THE DRAWINGS 

The structure. operation and advantages of the presently 
preferred embodiment of this invention will become further 
apparent upon consideration of the following description. 
taken in conjunction with the accompanying drawings. 
wherein: 

FIG. 1 is an overall schematic view of the parallel ?ow 
system for transmitting electrically conductive coating 
material of this invention; 

FIG. 1A is a partial cross sectional View of the common. 
sync valve of this invention; 

FIG. 2 is a schematic depiction of that portion of the 
system of FIG. 1 which operates during normal operating 
conditions; 

FIG. 3 is a schematic depiction of that portion of the 
system of FIG. 1 employed to execute the “circulate" 
function herein; 

FIG. 4 is a schematic depiction of that portion of the 
system employed to execute the “paint out" sequence of 
operation herein; 

FIG. 5 is a schematic depiction of that portion of the 
overall system employed to execute the “dump” procedure 
herein; 

FIG. 6 is a schematic depiction of that portion of the 
system of FIG. 1 which operates to execute the “agitate" 
function of this invention; and 

FIG. 7 is a schematic depiction of that portion of the 
system of FIG. 1 employed to execute the “water ?ush” 
function herein. 

FIG. 8 is a schematic depiction of an alternative embodi 
ment of the apparatus of this invention; 

FIG. 8A is a schematic depiction. similar to FIG. 8. of a 
still further alternative embodiment of the apparatus herein; 
and 

FIG. 9 is a schematic. block diagram of the embodiment 
illustrated in FIG. 8 in which three apparatus are shown in 
parallel. each connected to a source of different colored 
paint. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring initially to FIG. 1. one embodiment of the 
parallel ?ow system 10 of this invention is schematically 
illustrated. The system 10 includes structure for delivering 
electrically conductive coating material to one or more spray 
guns or rotary atomizers 12 while maintaining a ‘voltage 
block” or air gap between the source(s) of coating material 
and such spray guns 12. Preferably. the spray devices 12 are 
spray guns of the type sold by Nordson Corporation. of 
Westlake. Ohio. the assignee of this invention. under Model 
No. AN-9. or rotary atomizers sold by Nordson Corporation 
under Model No. RA- 12. In order to facilitate understanding 
of the invention. the system 10 depicted in FIG. 1 is 
simplified in FIGS. 2-7 wherein the structure necessary to 
perform speci?c operations of the system 10 is illustrated 
and the remaining structure is omitted. The system 10 is 
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therefore described separately below with reference to each 
individual Fig. and then a complete color changing opera 
tion is discussed which combines many of the individual 
operations. The structure and operation of flow system 11. 
illustrated in FIGS. 8 and 9. is then described. 

NORMAL SYSTEM OPERATION 

With particular reference to Figs. 1A and 2. that portion 
of the system 10 which is required to supply coating material 
to the spray guns 12 during normal operation is illustrated. 
The "normal operating" portion of system 10 comprises two 
essentially identical. parallel ?ow paths each comprising a 
transfer unit 14. a piston pump 16 and a valving system for 
operating the transfer unit 14 and piston pump 16. The 
parallel ?ow paths employ a common four-way valve and a 
common “sync” valve 20. both of which are described in 
detail below. As viewed in FIG. 2. one of the parallel ?ow 
paths is located on the lefthand side of the sheet in relation 
to the common sync valve 20. whereas the other. parallel 
?ow path is located on the righthand side of the sheet 
therefrom. For purposes of the present discussion. the flow 
path on the lefthand side of the sheet of FIG. 2 is described 
in detail. it being understood that the structure and operation 
of the other ?ow path is identical. Reference numbers 
utilized to describe structure on the lefthand side of FIG. 2 
are employed to denote the same structure on the righthand 
side thereof with the addition of a “prime." 

The transfer unit 14 comprises a ?lling station 22. a 
discharge station 24 and a shuttle 26 movable between the 
?lling and discharge stations 22. 24. The ?lling station 22 is 
provided with male and female coupling elements 28. 30 
which mate with male and female coupling elements 28. 30 
canied by the shuttle 26. Preferably. these coupling elements 
28. 30 are of the type disclosed in U.S. Pat. No. 5.078.168 
to Konieczynski et al. owned by the assignee of this 
invention. the disclosure of which is incorporated by refer 
ence in it entirety herein. 
As depicted in FIG. 2. electrically conductive coating 

material is supplied through a paint supply line 32 to the 
male coupling element 28 at the ?lling station 22 from a 
“paint kitchen” 34. This paint kitchen 34 includes appropri 
ate paint pumps. water ?ushing pumps and a color changer 
(not shown). the detailed disclosure of which forms no part 
of this invention and is therefore not discussed herein. A 
color changer of the type such as disclosed in U.S. Pat. No. 
4.657.047 to Kolibas. owned by the assignee of this 
invention. is utilized in the paint kitchen 34 which supplies 
different colors for discharge by the spray guns 12 in the 
manner described below. The female coupling element 30 of 
the ?lling station 22 is connected by a return line 36 to the 
paint kitchen 34 

In the presently preferred embodiment. the shuttle 26 is 
movable into coupling engagement with the ?lling station 22 
such that the female coupling element 30 at the top of shuttle 
26 mates with the male coupling 28 of the ?lling station 22. 
and the male coupling 28 of shuttle 26 mates with the female 
coupling element 30 of ?lling station 22. The female cou 
pling element 30 of shuttle 26 is connected by a transfer line 
38 to the inlet side of the piston pump 16 which is preferably 
of the type disclosed in U.S. Pat No. 5.078.168. This piston 
pump 16 includes a large reservoir (not shown) and a piston 
rod 40 which extends outwardly from the pump interior. The 
outlet side of piston pump 16 is connected by a second 
transfer line 42 to the shuttle 26 in position to transmit 
coating material to the male coupling element 28 at the top 
of the shuttle 26 and a male coupling element 28 at the 
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bottom thereof. This male coupling element 28 at the base of 
shuttle 26 is matable with a female coupling element 30 
carried by the discharge station 24 of transfer unit 14. A 
discharge line 44 interconnects the female coupling element 
30 at the discharge station 24 with one side of the sync valve 
20 which is described below. 
The outlet of the sync valve 20 is connected to a circu 

lation line 45 which is described in more detail below in 
connection with a discussion of FIG. 3. In turn. the circu 
lation line 45 is intersected by a gun supply line 46 which 
leads to a number of separate gun shuttles 48 each connected 
to one of the spray guns 12. In the presently preferred 
embodiment. the gun shuttles 48 each comprise a discharge 
station 50 having male and female coupling elements 28. 30. 
and a ?lling station 52 having mating. male and female 
coupling elements 28. 30. The ?lling station 52 is mounted 
to a linear actuator 54 having a cylinder 56 and a recipro 
cating piston 58 which is connected to the ?lling station 52. 
In response to operation of actuator 54. the ?lling station 52 
is moved into and out of engagement with the discharge 
station 50 such that the coupling elements thereof mate with 
one another. The actuators 54 of gun shuttles 48 are con 
trolled by a control system 55 (FIG. 1) described in detail in 
U.S. patent application Ser. No. 07/766.796. ?led Sep. 27. 
1991. entitled “Apparatus For Dispensing Conductive Coat 
ing Material” which is owned by the assignee of this 
invention and the disclosure of which is incorporated by 
reference in its entirely herein. ‘The detailed structure and 
operation of such control system forms no part of this 
invention and thus is not described herein. except it is noted 
that movement of the ?lling station 52 occurs when a 
dispenser 12 is actuated. such as by depressing the trigger. 

It should be understood that the gun shuttles 48 and 
control system 55 are employed only with manually oper 
ated dispenser 12. In applications utilizing automatic 
dispensers. a controller (not shown) associated with the 
paint kitchen 3 is e?’ective to turn the dispensers 12 on and 
off and the supply line 46 is connected directly to each 
dispenser 12. 
The operation of transfer unit 14. piston pump 16 and 

sync valve 20 is controlled by a series of air-operated valves 
which are responsive to the quantity of coating material 
within the piston pump 16. as described below. Referring to 
the top portion of FIG. 2. pressurized air is supplied from an 
air source 60 through a primary air supply line 62 to an upper 
limit valve 64 via tap line 65. a lower limit valve 66 via tap 
line 67 and a common. four-way valve 68 via tap line 69. 
Preferably. the valves 64. 66 and 68 are of the type made by 
Clippard Laboratory. Inc. of Cincinnati. Ohio under Model 
Nos MJV-3. MJV 0-3 and MJV-4D. respectively. The upper 
limit valve 64 is connected by a pilot line 70 to the left side 
of a four-way valve 72 as depicted in FIG. 2. which. in turn. 
is supplied with pressurized air from a tap line 74 connected 
to the primary supply line 62. Valve 72 is the same type of 
valve as valve 68. The lower limit valve 66 is connected by 
a pilot line 76 to the left side of the four-way valve 68. and 
by a separate pilot line 78 to the opposite. righthand side of 
four-way valve 72. 
The four-way valve 72 controls the operation of a linear 

actuator 80 associated with the transfer unit 14. This linear 
actuator 80 includes a cylinder 82 having a piston 84 
connected to the shuttle 26 of transfer unit 14. In response 
to operation of the actuator 80. the piston 84 moves the 
shuttle 26 between a discharge position coupled to the 
discharge station 24 as shown on the lefthand side of FIG. 
2. and a pump ?lling position coupled to ?lling station 22 
such as shown on the righthand side of FIG. 2 wherein 
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shuttle 26' and ?lling station 22' are coupled to one another. 
In order to control operation of linear actuator 80. the 
four-way valve 72 is connected to a line 86 which intersects 
an operating line 88 extending between the top portion of 
linear actuator 80 and the piston pump 16. The four~way 
valve 72 is also connected by a pilot line 90 to the bottom 
of linear actuator 80. for purposes to become apparent 
below. 

With reference to the center portion of FIG. 2. the 
four-way valve 68 is connected by a ?rst pilot line 94 to the 
lefthand side of sync valve 20. and a second pilot line 96 
extends from the four-way valve 68 to the opposite. right 
hand side of sync valve 20. As noted above. the four~way 
valve 68 is common to both of the parallel ?ow paths herein. 
and. hence. the opposite or righthand side of four-way valve 
68 is connected by pilot line 76' from the lower limit valve 
66'. 

Operation of the parallel ?ow paths of this invention as 
depicted in FIG. 2 is predicated upon the concept of ?rst 
supplying coating material to the spray guns 12 from the 
piston pump 16 associated with one ?ow path. and then 
supplying coating material from the piston pump 16. asso 
ciated with the other ?ow path. While the piston pump 16 is 
discharging coating material to the spray guns 12. the piston 
pump 16' is being ?lled with fresh paint from the paint 
kitchen 34. By the time the piston pump 16 is empty. the 
other piston pump 16' has been completely ?lled and can be 
operated to supply paint to the spray guns 12 via the sync 
valve 20. The body of sync valve 20 is formed of metal or 
other electrically conductive material which is connected to 
a high voltage electrostatic source 21 by an electrical line 23. 
In the course of passage through the sync valve 20. the 
electrically conductive coating material receives an electro 
static charge and said charged coating material is then 
supplied via lines 45 and 46 to the dispensers 12. Regardless 
of which piston pump 16 or 16. supplies coating material to 
the spray guns 12. an air gap or voltage block is continuously 
maintained between the paint kitchen 34 and spray guns 12 
to avoid the transmission of a high voltage electrostatic 
charge via the coating material therebetween. 

For purposes of the present discussion. assume piston 
pump 16 has already been “primed" or ?lled with coating 
material at the outset of operation of system 10. In such 
instance. the piston rod 40 associated with piston pump 16 
is in an uppermost. raised position relative to the upper and 
lower limit valves 64. 66 because the reservoir of piston 
pump 16 is ?lled. In the course of moving to such uppermost 
position. the piston rod 40 trips the switch 98 associated with 
upper limit valve 64 thus permitting pilot air to ?ow through 
the upper limit valve 64 and pilot line 70 to the four-way 
valve 72. In turn. the spool of four-way valve 72 shifts to the 
position shown in FIG. 2 wherein a ?ow of air from branch 
line 74 is permitted to pas through the four-way valve 72 into 
the line 86. The pressurized air enters operating line 88 
where it flows upwardly as depicted in FIG. 2 to pilot the 
linear actuator 80. and downwardly to force the piston of 
piston pump 16 toward the bottom of its reservoir. In 
response to the receipt of pilot air from line 88. the piston 84 
of linear actuator 80 moves the shuttle 26 downwardly into 
mating engagement with the discharge station 24 of transfer 
unit 14. As a result. the second transfer line 42 extending 
between the piston pump 16 and shuttle 26 is interconnected 
via the ?lling station 22 with the discharge line 44 connected 
to sync valve 20. As the piston within piston pump 16 is 
forced downwardly under the in?uence of the air ?ow from 
line 88. the coating material therein is forced from the piston 
pump 16 along the ?ow path de?ned by second transfer line 
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42. shuttle 26. discharge station 24 and discharge line 44 to 
the sync valve 20. 
As described below in connection with a discussion of 

FIG. 1A. the sync valve 20 is operative to receive coating 
material from either of the piston pumps 16 or 16' and 
deliver such coating material via circulation line 45 and gun 
supply line 46 to the gun shuttles 48 associated with each 
spray gun 12. As noted above. the operation of such gun 
shuttles 48 is controlled by a separate control system which 
is fully described in US. patent application Ser. No. 07/766. 
796. Under normal operating circumstances. the ?lling sta 
tion 52 of each gun shuttle 48 is interconnected with the 
discharge station 50 thereof in response to activation of the 
associated spray gun 12. such as by pulling the trigger of a 
mutually operated gun. When the discharge and ?lling 
stations 50. 52 are coupled with one another. the flow of 
coating material from the sync valve 20. circulation line 45 
and gun supply line 46 passes through such gun shuttles 48 
to each activated spray gun 12 which deposits the coating 
material onto the target substrate. In the event any one or all 
of the spray guns 12 are deactivated. the discharge and ?lling 
stations 50 and 52 of the respective gun shuttle 48 discon 
nect from one another thus halting the ?ow of coating 
material into spray guns 12. As mentioned above. while one 
of the piston pumps 16 or 16' provides coating material to 
sync valve 20. the other piston pump is being ?lled with 
coating material. The pump ?lling operation proceeds as 
follows. After a period of time. the coating material within 
the reservoir of piston pump 16 becomes depleted and its 
piston rod 40 gradually moves downwardly within the pump 
reservoir. Upon reaching a predetermined lowermost 
position. the piston rod 40 releases the switch 100 associated 
with the lower limit valve 66. This closes lower limit valve 
66 and permits the ?ow of pilot air through pilot line 76 to 
one side of the common four-way valve 68. and through 
second pilot line 78 to the righthand side of four-way valve 
72. Such ?ow of pilot air initiates two operations within the 
system 10. which proceed at di?erent speeds. First. the pilot 
air ?owing through pilot line 76 shifts the position of the 
pool within four-way valve 68 so that operating air from 
primary supply line 62 and tap line 69 can flow through the 
common four-way valve 68 into the second pilot line 96. As 
described in more detail below. the pilot air from second 
pilot line 96 causes the side of sync valve 20 connected to 
discharge line 44' to immediately open while the discharge 
line 44. which had been transmitting coating material from 
pump 16. is allowed to close. Coating material is then 
supplied from the piston pump 16' in the same manner as 
described above in connection with piston pump 16. Lag 
ging behind this operation of sync valve 20 is the movement 
of shuttle 26 created by the pilot air ?owing through pilot 
line 78. As noted above. pilot line 78 is connected to the side 
of four-way valve 72 opposite the pilot line 70 associated 
with upper limit switch 64. The pilot air from pilot line 78 
shifts the spool within four-way valve 72 so that operating 
air from branch line 74 ?ows through the four-way valve 72 
into the pilot line 90 connected to the bottom of the linear 
actuator 80 associated with transfer unit 14. This pilot air 
causes the piston 84 of linear actuator 80 to extend and move 
the shuttle 26 upwardly into mating engagement with the 
?lling station 22. i.e.. in the position of shuttle 26' shown on 
the righthand side of FIG. 2. With the shuttle 26 in this 
position. coating material from the paint kitchen 34 is 
supplied through paint supply line 32 and ?lling station 22 
to the transfer line 38 connected to piston pump 16. The 
piston pump 16 therefore receives fresh paint from the paint 
kitchen 34 and its piston rod 40 begins to move upwardly as 
discussed below. 
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SYNC VALVE 

An important aspect of this invention is that the spray 
guns 12 can be provided with an essentially continuous 
supply of coating material because of the cooperation of the 
separate. parallel ?ow paths on the left and righthand sides 
of FIG. 2 which are both connected to the sync valve 20. 

With reference to FIG. 1A. the construction of the sync 
valve 20 makes possible a shift of supply of coating material 
from one piston pump 16 to the other piston pump 16' 
without any interruption in the flow of coating material to 
the spray gun 12. The sync valve 20 consists of a pair of 
air-open. spring-return ball valves 101 and 101‘ each having 
a valve body 102. 102'. respectively. The valves 101. 101' 
are connected to a central mounting block 103 formed with 
a throughbore 104 which is intersected by an outlet 105 
connected to the circulation line 45. The valves 101. 101. 
which form sync valve 20 are structurally and functionally 
identical. and therefore only the valve 101 is described in 
detail and with the same reference numbers being used with 
the addition of a "prime” to denote the structure of valve 
101'. 
As viewed on the lefthand side of FIG. 1A. the valve body 

102 of valve 101 is formed with a bore 110 which intersects 
an inlet port 112 connected to the discharge line 44 associ 
ated with piston pump 16. This bore 110 receives a rod 114 
connected at one end to a piston 116 and at the opposite end 
to a collar 118 which mounts a ball 120. The piston 116 is 
movable within a chamber 122 formed in a two-piece end 
cap 124 mounted to one end of the valve body 102 by screws 
126 which extend through the valve body 102 into the 
central mounting block 103. An air passage 128 is formed in 
the valve body 102 and end cap 124 which transfers pilot air 
from the ?rst pilot line 94 against one side of the piston 116. 
Preferably. a spring 130 extends between the end cap 124 
and the collar 118 to urge the ball 120 against the seat 132 
of an insert 134 which is threadedly received within one end 
of the throughbore 104 of central mounting block 103 and 
rests against a ?ange 135 formed therein. 

Coating material from the discharge line 44 is introduced 
through the inlet port 112 into the bore 110 where it ?ows to 
the ball 120. In response to the supply of pilot air via line 94. 
the piston 116 is moved to the left as viewed in FIG. IA 
which unseats the ball 120 from seat 132 fnus allowing ?ow 
of coating material into the throughbore 104 Of valve body 
102 and out its outlet 105 into circulation line 45. 
The operation of sync valve 20 is controlled by the 

common. four-way valve 68 such that ?ow of coating 
material from only one of the piston pumps 16 or 16' is 
permitted at any given time. except for a brief period during 
which ?ow of the coating material shifts from an empty 
piston pump 16 or 16' to the other pump. As mentioned 
above. air valves 64. 66 and 72 control the operation of the 
linear actuator 80 associated with the transfer unit 14. When 
the piston pump 16 is nearly empty and lower limit valve 66 
is tripped. four-way valve 72 is piloted to permit an air flow 
to the bottom of linear actuator 80 as described above. This 
causes the shuttle 26 to disengage the discharge station 24 of 
transfer unit 14 and move toward the ?lling station 22. But 
the operation of lower limit valve 66. four-way valve 72 and 
actuator 80 is slower than that of the four-way valve 68 and 
sync valve 20. Before the shuttle 26 can disengage the 
discharge station 24. the sync valve 20 has already shifted 
position. i.e.. pilot air has been supplied via line 76 to the 
common four-way valve 68 which. in turn. allows air flow 
through second pilot line 96 to the sync valve 20. This 
immediately causes the ball 120‘ to move away from its seat 
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132' and thus initiate the ?ow of coating material into the 
throughbore 104 of sync valve 20 from the piston pump 16'. 
Such movement of the ball 120' occurs before the shuttle 26 
can disengage from the discharge station 24 and before ball 
120 completely seals against seat 132. As a result. as ball 
120' is withdrawing and ball 120 is closing. the piston pump 
16 continues to supply at least some coating material 
through the discharge line 44 connected to the lefthand side 
of sync valve 20 so that there is always coating material 
?owing through the throughbore 104 of sync valve 20. Once 
the shuttle 26 completely disengages discharge station 24 
and the spring 130 forces the ball 120 against seat 132. ball 
120' will be completely withdrawn permitting ?ow of coat 
ing material from only the piston pump 16'. At the same 
time. the shuttle 26 is moved to the ?lling station 22 of 
transfer unit 14 to begin the ?lling operation of piston pump 
16 as described below. 

Under normal operating conditions. the transfer unit 14 
and transfer unit 14'. together with their associated piston 
pumps 16 and 16‘. undergo a sequential ?lling and discharge 
operation so that an essentially continuous supply of coating 
material is provided to the spray guns 12. Dependent on the 
position of piston rod 40 associated with each piston pump 
16 and 16'. the shuttles 26 and 26' are positioned to either 
supply coating material to their respective piston pumps 16. 
16' or permit the discharge of coating material therefrom. It 
should be understood that while the shuttles 26 and 26' are 
shown in FIG. 2 at opposite positions. such shuttles 26. 26' 
operate completely independently of one another. 
Accordingly. both of shuttles 26 and 26' could be in the 
down or discharge position at the same time in the event. for 
example. the piston pump 16 has not yet been emptied of 
coating material before piston pump 16. becomes com 
pletely ?lled. As noted above. operation of the sync valve 20 
is controlled by the common four-way valve 68. which. in 
turn. is piloted in response to actuation of the lower limit 
valves 66 and 66'. These lower limit valves 66 and 66' do not 
supply pilot air except when the piston rod 40 or 40' of their 
associated pumps 16. 16' reach a predetermined. "empty” 
condition. Once that happens. then the transfer operation of 
the supply of coating material from one pump 16 or 16. to 
the other can proceed. 

CIRCULATION OF COATING MATERIAL 

As described above. the operation of system 10 under 
normal conditions involves the supply of coating material to 
the spray guns 12 alternately from the piston pump 16 in one 
parallel ?ow path. and then from the piston pump 16' in the 
other parallel ?ow path. But when operation of the spray 
guns 12 is terminated for a relatively long period of time. 
such as during a lunch break or if the coating production line 
is otherwise temporarily shut down. the coating material 
could remain stationary within the system 10. This can 
present problems with coating materials such as paint 
wherein the pigments. sediment and other solids can settle 
out if allowed to stagnate and remain stationary. In order to 
avoid this problem. the system 10 of this invention is 
provided with a "circulation” mode wherein the coating 
material can be constantly circulated through the system 
while the spray guns 12 are not being operated 

With reference to FIG. 3. the elements described above in 
connection with the normal operation of system 10 (FIG. 2) 
are employed to obtain coating material circulation. with the 
addition of structure on the lefthand side of FIG. 3. In the 
presently preferred embodiment. a “water” or “circulation” 
shuttle 138 is provided having a ?lling station 140 connected 
to the piston 142 of a linear actuator 144. and a discharge 
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station 146 connected to a paint return line 163. The ?lling 
station 140 and discharge station 146 have mating coupling 
elements 28. 30 of the type described above. 
The function of the water shuttle 138 is to permit a 

circulating ?ow of coating material to and from the paint 
kitchen 34 when activated by a circulate valve 148 and a 
circulate/ground valve 150. These valves are preferably 
valves of the type sold by Humphrey Products of 
Kalamazoo. Mich. under the Model No. 125V. The circulate 
valve 148 is connected to the primary air supply line 62 by 
a branch line 152. and the circulate/ground valve 150 is 
connected to air supply line 62 by a branch line 154. A pilot 
line 156 interconnects the circulate valve 148 and the pilot 
of a two-way valve 158. This two-way valve 158 is con 
nected by the circulation line 45 to the sync valve 20. and by 
a transfer line 162 to the female coupling element 30 of the 
filling station 140 of water shuttle 138. As discussed below. 
the mating. male coupling element 28 of discharge station 
146 is connected by a return line 163 to the paint kitchen 34. 
The circulate/ground valve 150 is connected by a pilot line 
164 to the pilot of a four-way valve 166 preferably of the 
type sold by Humphrey Products under the Model No. 
FV-SP. The four-way valve 166 is connected by a branch line 
168 to the primary air supply line 62. and by pilot lines 170 
and 172 to the top and bottom. respectively. of the linear 
actuator 144 associated with water shuttle 138. 

In order to initiate a circulation operation. both the 
circulate valve 148 and circulate/ground valve 150 are 
turned “on” by manually ?ipping their switches 173. 174 
respectively. When opened. the circulate/ground valve 150 
sends pressurized air through pilot line 164 to the four-way 
valve 166. This shifts the spool within the four-way valve 
166 to the position illustrated in FIG. 3 allowing air from 
branch line 168 to pass through the four-way valve 166 into 
pilot line 172. In turn. the linear actuator 144 of water shuttle 
138 moves the ?lling station 140 upwardly to the position 
shown in FIG. 3 wherein the filling station 140 and discharge 
station 146 are coupled to one another. 

Activation of the circulate valve 148 permits pressurized 
air to be directed through pilot line 156 to the pilot of 
two-way valve 158. This shifts the two-way valve to the 
position shown in FIG. 3 allowing coating material from the 
circulation line 45 to ?ow through the two-way valve 158. 
into the transfer line 162 and then through the mating ?lling 
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and discharge stations 140. 146 into the return line 163. A 45 
complete ?ow path is therefore provided from the sync valve 
20. through the water shuttle 138 and then into the return line 
163 so that the coating material can be circulated through the 
system to and from the paint kitchen 34. 
The remainder of the system illustrated in FIG. 3. which 

is identical to that shown and described above in connection 
with FIG. 2. operates as if the spray guns 12 were activated 
That is. the transfer units 14 and 14' and piston pumps 16. 
16' receive and discharge coating material in the manner 
described above except that the coating material is circulated 
through the water or circulation shuttle 138 instead of being 
discharged through the spray guns 12. This ensures that the 
coating material remains in constant motion within the 
system 10 to substantially prevent settling of pigments. 
sediment or other solid materials within the coating material. 
Normal operation of the system 10 is resumed by simply 
switching "ofF’ the circulate valve 148 and circulate/ground 
valve 150. 

COLOR CHANGE PROCEDURE 

Having described the normal dispensing operation of 
system 10. and a “circulation mode" wherein the coating 
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material is circulated while me spray guns 12 are not 
operating. the following description is directed to the vari 
ous steps for changing from one color of coating material to 
another. One important aspect of this invention is that a 
number of di?erent cleaning or ?ushing steps can be per 
formed simultaneously to clean virtually all elements of the 
system 10 at the same time and thus reduce the overall 
downtime associated with a color change operation. For ease 
of illustration and discussion. the ditferent steps to eifect a 
color change are discussed separately below. and then a 
description is provided of a complete color change operation 
as it would proceed in a production environment. 

PAINT -OUT OPERATION 

Referring ?rst to FIG. 4. an initial step in a color change 
operation involves returning substantially all of the coating 
material Within the system 10 to the paint kitchen 34 before 
any of the lines or system elements are cleaned with ?ushing 
liquid. This operation is referred to as a “paint-out" mode 
which is schematically depicted in FIG. 4. Only those 
system elements necessary to perform the paint-out opera 
tion are incorporated in FIG. 4 for simplicity. 

In the presently preferred embodiment. a paint-out valve 
178 having a switch 180 is connected by a branch line 182 
to the primary air supply line 62. The paint-out valve 178 is 
preferably a manual valve of the type sold by Humphrey 
Products under the Model No. 125V. A check valve 184 is 
connected to the paint-out valve 178 by a line 186. and to a 
second check valve 188 by a line 190. This second check 
valve 188. in mm. is connected by a pilot line 192 to the pilot 
of four-way valve 72 described above in connection with a 
description of the normal operation of system 10 as depicted 
in FIG. 2. 
An air transfer line 194 connects line 190 to a check valve 

188‘ associated with the second. parallel ?ow path on the 
righthand side of FIG. 4. This check valve 188' is connected 
by pilot line 192’ to the pilot of four-way valve 72'. As 
mentioned above. each of the four-way valves 72 and 72' 
receive operating air from their respective branch lines 74. 
74' and are effective to transfer pressurized air therethrough 
to the lines 86. 86' and operating lines 88. 88'. Preferably. 
valves 200 and 200' are connected between lines 88 and 88' 
and pilot lines 201. 201'. which. in turn. extend to the top of 
linear actuators 80. 80'. respectively. 

In order to perform a “paint-out" operation. the paint-out 
valve 178 is placed in the “on” position by ?ipping its switch 
180. Pressurized air is thus permitted to ?ow from branch 
line 182 through the paint-out valve 178 into line 186 where 
it passes through check valve 184 into line 190. The pres 
surized air then passes through each of the second check 
valves 188 and 188' to the pilots of their respective four-way 
valves 72. 72'. As described above in connection with the 
normal operation of the system in FIG. 2. the pilot air 
applied to four-way valves 72. 72' permits the transfer of 
operating air from primary air supply line 62 through the 
four-way valves ‘72. 72' to the top of the linear actuators 80. 
80' associated with transfer units 16. 16'. via lines 86. 86’ and 
88. 88'. In response to receipt of this pilot air. the linear 
actuators 80. 80’ are effective to move their respective 
shuttles 26. 26' into the position illustrated in FIG. 4 wherein 
the shuttles 26. 26' are coupled to the discharge stations 24. 
24‘. respectively. At the same time. operating air is trans 
ferred through lines 88. 88' to pumps 16. 16' which forces 
their pistons downwardly to exhaust any paint remaining 
therein. 

Depending upon the position of the common four-way 
valve 68. the coating material from one of the piston pumps 
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16 or 16' is ?rst directed through its associated transfer unit 
14 or 14' to the sync valve 20. and then through line 46 to 
the spray guns 12. Because the shuttles 26 and 26' are 
disconnected from the ?lling station 22. 22' of each transfer 
unit 14. 14'. no additional coating material from the paint 
kitchen 34 is transferred into either pump 16 or 16'. As a 
result. the coating operation proceeds with only that mount 
of coating material present within the piston pumps 16. 16'. 
Accordingly. the "paint-out” mode of operation is initiated 
when the application of the particular color of coating 
material within the system is nearly at an end. and it is 
known that the coating material without the piston pumps 16 
and 16' is su?icient to complete that particular application 
before a color change is desired. 

COATING MATERIAL DUMP 

With reference to FIG. 5. a further operational feature of 
this invention is illustrated which is useful to (1) remove any 
coating material remaining within pumps 16. 16' from the 
system and/or (2) provide for ?ushing of the lines leading to 
and from the pumps 16. 16' as well as the pumps themselves. 
Structure which is common to both parallel ?ow paths is 
given the same reference number in the following 
discussion. with the addition of a “prime” to the ?ow path 
associated with transfer unit 14' and pump 16'. 

In the presently preferred embodiment. a dump valve 202. 
preferably of the type sold by Humphrey Products under 
Model No. S125. is connected by a branch line 204 to the 
primary air supply line 62. The outlet side of dump valve 
202 is connected by a line 206 to a check valve 208 which. 
in turn. is connected by a pilot line 210 to the bottom of the 
linear actuator 80 associated with transfer unit 14. The top 
of linear actuator 80 is connected by line 201 to a valve 200 
whose pilot is supplied with air via a tap line 212 connected 
to line 206. The valve 200 is moved to the position shown 
in FIG. 5. which vents the linear actuator 80. in response to 
the ?ow of air through dump valve 202 into line 206. 
Preferably. the valves 200' and 208' associated with the 
righthand side parallel ?ow path depicted in FIG. 5 are 
supplied with operating air via a tap line 214 connected to 
line 206. 

When the dump valve 202 is turned to the “on" position 
by ?ipping its switch 203. pressurized air is allowed to pass 
through the dump valve 202 into the line 206. This pressur 
ized air passes through each of the check valves 208 and 208' 
which. in turn. pilot the linear actuators 80. 80' such that the 
shuttles 26 and 26' of transfer units 14. 14' are moved to the 
“up” position as viewed in FIG. 5. In this position. the 
shuttles 26. 26' are coupled to their respective ?lling stations 
22 and 22' which interconnects the paint supply line 32 from 
paint kitchen 34 to each of the piston pumps 16 and 16‘ via 
lines 38 and 38'. and also couples piston pumps 16 and 16' 
to the paint return line 36 via transfer lines 42 and 42'. 
Accordingly. an essentially continuous path is provided 
from the paint kitchen 34. through the piston pumps 16. 16' 
and back to the paint kitchen 34. 
As described in more detail below in connection with a 

discussion of a complete color change operation. a pumping 
unit within the paint kitchen 34 is operative to stop the flow 
of coating material into supply line 32 and instead direct 
cleaning ?uid such as water into line 32 which is then 
circulated through the aforementioned ?ow paths to and 
from each piston pump 16 and 16'. As aresult. all of the lines 
depicted in FIG. 5 can be cleaned of the coating material of 
one color in preparation for the next color during the "dump” 
mode of operation. 
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AGlTATE OPERATION 
Referring now to FIG. 6. the elements of system 10 which 

function to perform an “agitate” operation are illustrated. In 
this sequence. the pump pistons (not shown) are made to 
move up and down in short strokes near the base of the 
reservoir and their respective pumps 16 and 16' to dean any 
coating material remaining therein in preparation for a color 
change operation as discussed more fully below. The system 
operation in an agitate sequence is similar to that described 
above for the normal operating mode shown in FIG. 2. 
except that the piston pumps 16 and 16' are permitted to 
receive only a small quantity of ?ushing liquid before their 
respective piston rods 40. 40' are moved downwardly to 
discharge such ?uid. 
The primary dilference between the agitate sequence and 

normal operating sequence is that each of the upper limit 
valves 64 and 64' (FIG. 1) are not allowed to operate. and 
their function is performed by the following "agitate" struc 
ture. In the presently preferred embodiment. an agitate valve 
222 is connected by a branch line 224 to the primary air 
supply line 62. The outlet of agitate valve 222 is connected 
to a nonadjustable pressure regulator 226 via a line 228. In 
turn. the pressure regulator 226 is connected by a line 230 
to the check valve 184 having an output connected by the 
line 190 to the second check valve 188. The output of this 
second check valve 188 is connected by the pilot line 192 to 
the pilot of four-way valve 72. As described in detail above. 
the four-way valve 72 controls the up and down movement 
of shuttle 26 by operating the linear actuator 80. 
The other parallel ?ow path on the righthand side of FIG. 

6 contains similar structure. A check valve 188' is connected 
by a tap line 194 to line 190 from check valve 184. In turn. 
check valve 188‘ is connected by pilot line 192' to the pilot 
of four-way valve 72'. 
The agitate sequence proceeds as follows. Upon move 

ment of the agitate valve 222 to the "on” position. e.g.. by 
?ipping its switch 223. pressurized air from the primary air 
supply line 62 is permitted to ?ow through the agitate valve 
222 to the pressure regulator 226. Preferably. the pressure 
regulator 226 reduces the pressure of the air stream to 
approximately one-half of its normal level. and this reduced 
pressure stream is then transmitted through line 230. check 
valve 184 and line 190 to the second check valve 188. Line 
194 transmits such reduced pressure air stream to the second 
check valve 188'. In turn. these check valves 188. 188‘ pilot 
their respective four-way valves 72 and 72' so that operating 
air is supplied to the top of actuators 80. 80' which moves 
shuttles 26 and 26' to their "down” position coupled to 
discharge stations 24 and 24'. respectively. With the shuttles 
26 and 26' in this position. the piston rods 40. 40' of piston 
pumps 16. 16' move downwardly to discharge their contents 
as described in detail above. Once such piston rods 40. 40' 
move to a predetermined lowermost position. the lower limit 
valves 66 and 66' are released and send comparatively high 
pressure pilot air to the opposite side of each of the four-way 
valves 72 and 72' from lines 76. 76'. and 78. 78'. as described 
above. This shifts the pool in four-way valves 72. 72' such 
that operating air is supplied to the bottom of linear actuators 
80. 80' thus moving the shuttles 26. 26' upwardly into 
coupling engagement with the ?lling stations 22 and 22' of 
transfer units 14. 14'. When coupled to the ?lling stations 22. 
22'. the shuttles 26. 26' receive liquid from the paint kitchen 
34 via supply line 32. In the ?ushing operation described 
below. this liquid is preferably a ?ushing liquid such as 
water. 

The ?ushing liquid is transmitted from the ?lling stations 
22. 22' through each of the transfer lines 38. 38' into the 



Re. 35.883 
17 

respective piston pumps 16. 16'. The piston pumps 16. 16‘ 
therefore begin to ?ll with ?ushing liquid and their piston 
rods 40. 40' move upwardly. But the piston pumps 16. 16' 
only receive a limited quantity of ?ushing liquid before the 
four-way valves 72. 72' are again piloted by air from the 
check valves 188 and 188'. The reduced pressure strewn of 
air supplied to check valves 188. 188' from pressure regu 
lator 226 is always present when valve 222 is open and acts 
as an “air spring” which pilots one side of the four-way 
valves 72. 72' via lines 192. 192'. respectively. The reduced 
pressure pilot air from check valves 188. 188' is effective to 
move the spools of valves 72. 72' to the position shown in 
FIG. 6 as soon as the higher pressure air supplied to the other 
side of valves 72. 72' by limit valves 66. 66' is removed. This 
occurs as soon as the pumps 16. 16' begin to re?ll and raise 
their piston shafts 40. 40' so that valves 66. 66' are closed 
and cut off the higher pressure air ?owing through lines 76. 
76' and lines 78. 78' to valves 72. 72'. Therefore. the piston 
pumps 16. 16' are allowed to be connected to the paint 
kitchen 34 for only a brief period of time. When piloted by 
the check valves 188. 188'. the four-way valves 72. 72' 
disconnect their respective shuttles 26. 26' from the ?lling 
stations 22. 22' and return the shuttles 26. 26' to the 
discharge stations 24. 24'. In turn. the piston pumps 16. 16' 
are activated to discharge the ?ushing ?uid therefrom. As a 
result. the pistons of each piston pump 16. 16‘ are made to 
move upwardly and downwardly in short strokes as the 
reservoirs of the piston pumps 16. 16' are ?rst partially ?lled 
with ?ushing liquid and then emptied of same. This “agitate" 
operation e?’ectively cleans the piston pumps 16. 16' in 
preparation for the receipt of a coating material of different 
color. 

WATER FLUSH OPERATION 
With reference to FIG. 7. a still further sequence of 

operation is illustrated which is useful in connection with 
cleaning the system 10 in preparation for a color change. The 
purpose of this operational sequence is to ?ush those ele 
ments of the system which the other operations have not 
reached including (1) the lines 44. 44' interconnecting the 
transfer units 14. 14' to the sync valve 20. (2) the sync valve 
20. (3) the line 46 interconnecting the sync valve 20 with the 
gun shuttles 48. (4) the gun shuttles 48 themselves. and (5). 
the spray guns 12. 
A pumping unit (not shown) contained internally of the 

paint kitchen 34 is employed to directed ?ushing liquid into 
a water supply line 246 whose opposite end is connected to 
the male coupling element 28 at the discharge station 146 of 
water shuttle 138. The female coupling element 30 of ?lling 
station 140 associated with water shuttle 138 is connected by 
a line 248 to a two-way valve 50. This two-way valve 250. 
in turn. is connected by a return line 252 through a check 
valve 254 to the discharge line 44' associated with transfer 
unit 14'. A second check valve 256 is carried within a tap line 
258 which interconnects the remm line 252 with the dis 
charge line 44 associated with the transfer unit 14. These 
transfer lines 44. 44' are connected to the sync valve 20 
which. in turn. is connected by the circulation line 45 and 
gun supply line 46 to the gun shuttles 48 associated with 
spray guns 12. As described above. these gun shuttles 48 are 
controlled by a gun shuttle control 55 which. in this water 
?ush sequence of operation. is operative to activate the 
linear actuator 54 of each gun shuttle 48 so that their 
respective discharge and ?lling stations 50. 52 are coupled 
to one another. In applications wherein automatic dispensers 
are utilized instead of manually operated spray guns. the gun 
shuttles 48 are eliminated and the ?ushing ?uid is transmit 
ted directly through line 45 and 46 to the spray guns 12. 
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In order to initiate the water ?ushing operation. the switch 

260 of a water ?ush valve 262 is moved to the “on" position 
thus allowing operating air from the primary air supply line 
62 to pass through the water ?ush valve 262 via a line 264. 
This operating air exits the water ?ush valve 262 into a pilot 
line 266 which is connected to the pilot of two-way valve 
250. At the same time the water ?ush valve 262 is actuated. 
the circulate/ground valve 150 is moved to the "on” position. 
which. as described above in connection with a discussion of 
FIG. 3 causes the ?lling station 140 and discharge station 
146 of water shuttle 138 to couple with one another. A 
complete ?ow path is therefore formed wherein flushing 
liquid. such as water. is transmitted from the paint kitchen 34 
through the water supply line 246 and water shuttle 138 to 
the two-way valve 250 via line 248. Because the two-way 
valve 250 has been opened by water ?ush valve 262. the 
?ushing water continues through return line 252 and tap line 
258 into each of the discharge lines 44. 44' associated with 
transfer units 14. 14'. The ?ow of ?ushing water continues 
through the sync valve 20 from discharge lines 44. 44'. and 
then from the gun supply line 46 either through the gun 
shuttles 48 or directly into each of the dispensers 12. All of 
these elements are therefore cleaned by the ?ushing liquid in 
preparation for a coating material of different color. 

COMPLETE COLOR CHANGE OPERATION 

With reference now to FIGS. 3-7. a complete color 
change operation in a production environment proceeds as 
follows. Initially. the pump within the paint kitchen 34 
which supplies coating material to the system 10 is turned 
off. The paint-out valve 178 is then turned "on" which 
moves both of the shuttles 26 and 26' to the down position 
depicted in FIG. 4 with the valves 200 and 200' in the 
position shown in such Fig. As described above. the coating 
operation can continue with the shuttles 26. 26' down. but 
only the coating material present within the piston pumps 16 
and 16‘ when the paint-out valve 178 is activated is supplied 
to spray guns 12. No more additional paint is added to the 
pumps 16. 16' because the shuttles 26. 26' are in the down 
position and the paint supply has been turned off. 
Assuming the coating operation is terminated before all of 

the paint is removed from the pumps 16. 16' in the "paint 
out” sequence. the next step in the color change operation is 
to completely empty the piston pumps 16. 16‘ of all coating 
material. To accomplish this. the system is placed in a 
slightly modi?ed "circulate" mode by turning the circulate 
valve 148 and circulate/ground valve 150 "on." while main 
taining the paint-out valve 178 “on.” so that the shuttles 26 
and 26' remain in the down position. With the shuttles 26 and 
26' down and the circulate valve 148 and circulate/ground 
valve 150 “on.” coating material is transferred from each of 
the piston pumps 16 and 16‘. through the water shuttle 138 
and to the paint kitchen 34 as described above in connection 
with the circulation mode of operation. That is. each piston 
pump 16. 16‘ transmits coating material through its associ» 
ated transfer line 42. 42‘ and discharge line 44. 44' to the 
sync valve 20. The coating material flows from the sync 
valve 20 to the water shuttle 138 as described above. and 
from there is returned to the paint kitchen 34 via the paint 
return line 163. Because the shuttles 26 and 26' are main 
tained in a "down” position by the paint-out valve 178. no 
new paint or any ?ushing liquid is supplied to the system and 
thus the piston pumps 16 and 16' can be essentially com 
pletely emptied. 
The next step in the color change operation occurs inter 

nally of the paint kitchen 34 wherein a ?ushing liquid such 
as water is diverted into the main paint supply line 32. A 




















